I mprovements in sanitation, housing, and nutrition, as well as better treatment, have lowered death rates from infectious diseases such as diarrhea, pneumonia, and tuberculosis in most countries. This success has in turn increased the relative importance of noncommunicable diseases (NCDs)-mainly cancers, cardiovascular diseases (CVDs), diabetes, and chronic respiratory diseases-as causes of death (1) . NCDs are now responsible for more than 35 million annual deaths in the world; more than 80% of these deaths occur in low-and middle-income countries (2) . Medical interventions have improved the survival of patients with heart disease, stroke, breast cancer, and some other NCDs, but others like lung cancer still have high case fatality. Even when treatment is technically feasible, timely diagnosis and treatment require medical personnel, facilities, and medicines that are either lacking or costly, especially in lowand middle-income countries. Therefore, there is an urgent need for policies and strategies that help prevent NCDs. These policies and strategies should be guided by an understanding of how much, and through what specific actions, NCDs may be prevented or postponed to older ages.
Evidence on NCD preventability comes from data and analyses at two scales: individuals and populations. Studying individuals helps identify and establish risk factors that causally affect NCDs, and hence points to specific tools for disease prevention, but provides little information on how effective each of these tools may be in disease prevention at the population level because the latter depends on the prevalence of risk factors in the population. Comparison of disease rates across populations or over time, especially when done in relation to risk-factor levels in the population, indicates by how much disease may be prevented and what the most important risk factors are at the population level. Here, we use examples of a number of NCDs and their key risk factors to make a case that we have sufficient knowledge from individual and population studies to substantially reduce the global NCD burden through prevention using a relatively small and coherent set of actions related to major risk factors.
Modifiable Risk Factors and Cancers: Prevention of Diseases with a Few Dominant Risk Factors
Following the seminal work of Doll and Peto (3) , researchers have used individual-and populationlevel data to examine the extent to which cancers can be prevented and identify interventions and strategies for doing so. The case of lung cancer dramatically illustrates how individual and population studies have come together to leverage a modifiable risk factor for effective prevention of a disease with low survival. We now know that about 70% of lung cancer deaths worldwide are due to smoking ( Fig. 1 ) and would be prevented if people did not smoke (4) . For men living in industrialized countries, more of whom have smoked and for longer periods, the proportion of lung cancer deaths due to smoking is even greater-over 90%.
The association between tobacco smoking and lung cancer was first noted nearly a century ago (5, 6) . Subsequent studies, especially the work Hill, Doll, and Peto in the British Doctors Study (7, 8) , gathered more detailed data on smoking behaviors and disease status and showed that those who smoke from early adult ages are at least 20 times as likely as those who never smoke to die of lung cancer; the increased risk reaches 40-fold for heavy smokers who smoke about two packs of cigarettes per day (9) .
Mirroring the high lung cancer risk in individual smokers, lung cancer death rates vary substantially across populations and over time based on smoking histories. In adult men, lung cancer death rates increased for much of the 20th century and peaked at~170 to 190 per 100,000 (10) in a few Western European countries and the United States and subsequently in Central and Eastern European countries like Hungary (Fig. 2A) . These peaks in lung cancer death rates tracked the peak of the smoking epidemic with a lag of about two decades. In women, lung cancer death rates in the majority of countries were less than 10 per 100,000 in the 1950s, virtually the same as men and women in Western countries who have never smoked (11). Women's lung cancer mortality began to increase two to three decades after that of men, reflecting the rise in women's smoking after World War II, first in English-speaking high-income countries and then in continental Europe. Owing to effective tobacco control and the decline in women's smoking, lung cancer death rates in women appear to have peaked in Englishspeaking countries, for example, at~60 per 100,000 in the late 1990s in the United States (Fig. 2B) . The situation is not all good, however, and lung cancer mortality continues to increase in women in Continental Europe. For example, the lung cancer death rate of Danish women, who have smoked longer and more than women in other European countries, is now higher than that of American women. Fig. 1 . Tobacco smoking is the most important risk factor for lung cancer and also has harmful effects on other NCDs. (12) . These examples illustrate the important point that the most effective disease prevention strategies are those that take into account the prevalent risk factors in the target population and by how much reducing any combination of these risks may lower disease levels. Patterns of lung cancer and its risk factors across the world and over time nonetheless demonstrate that stopping smoking, and a few environmental interventions in specific places, can reduce lung cancer to very low levels in every population. Dominant risk factors have also been identified for a few other cancer types, many in the form of an infection. In each case, these risk factors influence the geographical patterns and trends of these cancers and can be translated into effective prevention strategies and programs. For example, the discovery that Helicobacter pylori (H. pylori), a bacterium present in the gastrointestinal tract, is a risk factor for lesions that are precursors to stomach cancer (13) has generated new possibilities for its prevention. About 75% of the 870,000 annual noncardia gastric cancers in the world are attributable to H. pylori infection (14) . Although H. pylori was not mentioned in epidemiological reviews of stomach cancer a few decades ago (15, 16) , screening tests for the bacterium and treatment with antibiotics are now effective interventions for preventing stomach cancer (17) . Epidemiological studies have also established salt consumption, smoking, and diets that are low in fruits and vegetables as risk factors for stomach cancer (16) . In the United States, where H. pylori prevalence is lower than most other world regions (18, 19) , these lifestyle and dietary factors together account for about 60% of stomach cancer deaths (20) (noting that different risk factors may be jointly responsible for some cases).
Although we can now leverage our knowledge about H. pylori, salt, smoking, and fresh fruits and vegetables for preventing stomach cancer, the trends in stomach cancer also provide an example of how prevention may in fact precede and even help with risk factor identification. Adult death rates from stomach cancer are now close to 5 per 100,000 in Canada, the United States, and a few other western countries but reach 20 and 50 among Japanese women and men, respectively; half a century ago, they were as high as 150 to 200 among men in Japan, Chile, and Finland. The impressive declines in stomach cancer began before the epidemiological studies that identified these risk factors. Reductions in salt intake appear to have played an important early role in stomach cancer decline at least in Japan and Finland (15, 16, 21, 22) . Stomach cancer prevention was also facilitated through improvements in hygiene, the living environment, and the uptake of refrigerators, which reduced the need to use salt for preserving food, improved the storage of fruits and vegetables, and may have also reduced infection rates (15, 23)-creating an unintended success in prevention.
In an even more extreme example than stomach cancer, virtually all cervical cancers are due to infection with human papillomavirus (HPV) (14) . Although sexual behavior and hygiene have traditionally been major determinants of geographical patterns and trends in cervical cancer, these cancers are preventable through early detection and treatment of precancerous lesions and, more recently, vaccination. However, access to regular cervical cancer screening, and especially vaccines, is lacking in low-income countries and in disadvantaged social groups (24) , where the burden of cervical cancer is the highest. As a result, there is a 10-fold difference in cervical cancer incidence between countries in sub-Saharan Africa, where incidence is highest, and those in the Eastern Mediterranean and Western Europe, where it is lowest (25) . Preventing cervical cancer in countries and communities with limited resources requires strengthening the primary care system, improving access to preventive care, and using the available interventions in such a way that they reach people who have fewer health system contacts (26) . In contrast to the above cancers that can be largely prevented through interventions and actions related to one or few dominant risk factors in most populations, other cancers have more diverse risk factors. For example, the risk factors for liver cancer and liver cirrhosis include infection with hepatitis B and C viruses (HBV and HCV); exposure to aflatoxin due to specific foodhandling practices and storage conditions; alcohol use, especially binge drinking; and (for liver cancer but not liver cirrhosis) smoking. Each of these risk factors increases the risk of disease by a smaller amount compared with those discussed earlier for lung, stomach, and cervical cancers. As a result, the trends and geographical patterns of liver cancer and cirrhosis depend on the overall risk-factor profiles, and their population-based prevention should target locally relevant risk factors. HBV prevalence is highest in sub-Saharan Africa and in East Asia, where it is responsible for a large proportion of liver cancers; HCV's role is most important in sub-Saharan Africa, the Middle East, Central and East Asia, and Eastern and Southern Europe (14, 27, 28) . Among the most effective means of preventing new HBV and HCV infections are reducing unnecessary medical injections, providing sterile syringes, and a safe blood supply in health care settings (29) . Alcohol's role is largest in Eastern Europe (Box 1), especially among men, but it has a relatively small role in the Middle East and South Asia (30) ; that of tobacco is highest in Western countries, where people, especially men, have smoked for a long period.
Modifiable Risk Factors and Cardiovascular Diseases: Prevention of Diseases with Diverse Risk Factors
Even more than liver cancer, CVDs have a large number of risk factors, each increasing disease risk by a relatively small amount. For example, smokers are two to three times as likely as those who have never smoked to die of CVDs, compared with 20 times for lung cancer. The diversity and the combinations of CVD risk factors across individuals and populations create more subtle variations in disease risks and rates than for the cancer risk factors described earlier. This in turn makes it more difficult to identify their independent roles in disease causation and prevention. Yet the evidence from studies of individuals and populations is by now equally compelling that reducing a moderate number of risk factors will have large benefits in CVD prevention. Further, given that the burdens of major CVDs like ischemic heart disease (IHD) and stroke are many times those of most cancers and other NCDs, reducing a prevalent risk factor like high blood pressure can prevent a very large number of disease cases or deaths, even if the reduction in risk for each individual person is modest. The seminal work of Rose laid out the foundations of population-based prevention on the premise that "a large number of people at a small risk may give rise to more cases of disease than a small number who are at a high risk" (31) .
The first line of evidence that CVDs can be prevented at the population level comes from their variations across countries and their longterm trends, which are as impressive as those of cancers. In the 1950s, age-standardized CVD death rates among adult men in Finland, Australia, and the United States were~1200 per 100,000, compared with less than 600 in Greece and 700 in Norway (Fig. 2B )-a range that is much larger than that of lung cancer in Fig. 2A . The range was narrower but still relatively large for women (Fig. 2B) . Over the subsequent six decades, CVD mortality declined in most high-income countries-steadily and by about two-thirds in some of the countries that had started with the highest mortality. The decline began later, and was slower (including,
Alcohol use is a risk factor for multiple NCDs, injuries, and even infectious diseases like tuberculosis. When consumed moderately and regularly, it has protective effects on CVDs and diabetes (96) . On the other hand, irregular heavy (or binge) drinking reverses the protection against CVD and increases the risk of liver disease (97, 98) . Hazardous alcohol use has created one of the most catastrophic public health phenomena of recent decades in Russia and some other former Soviet Republics. In these countries, hazardous alcohol use, including medicinal and industrial ethanol, is the leading cause of disease burden among all major risk factors, especially for men (99) . Although a part of this burden is due to deaths from injuries in young adults, the majority is due to effects on NCDs, especially cardiovascular diseases (100), leading to the highest NCD death rates in the world (33) . The rise in alcohol-related NCD mortality in Russia was so large that it led to a rise in total mortality (101), a situation that is rare outside of epidemics. Although the scale of the problem is unique in Eastern Europe, deprived and marginalized social groups in most places are affected by harmful alcohol use.
This failure of disease prevention has deep social and policy roots. Gorbachev-era policies had helped lower alcohol consumption, leading to lower mortality. Disintegration of the former Soviet Union was followed by a collapse of the social support and welfare systems and a rise in unemployment, deprivation, and stress. Alcohol control policies were also abandoned. Possibly the single most effective tool for NCD prevention in these countries and social groups is control of harmful alcohol consumption through social programs, taxes, and regulation.
in terms of their cardiovascular mortality. Finnish and Norwegian women now have nearly identical mortality, with the difference among men reduced to~100 per 100,000 (compared with more than 800 in the 1950s). The decline in Australia, which started off with one of the highest mortality levels, has outpaced the United States and most other countries since the 1980s; as a result, Australia now has, together with France and Japan, some of the lowest levels of cardiovascular mortality ever recorded. There are less data on CVD trends in low-and middle-income countries. The available data nonetheless indicate that relatively soon after the decline in infectious diseases, CVD mortality also declines even in low-and middle-income countries (32) (33) (34) .
What do these differences in CVD mortality level and trends, especially the success of countries like Australia and Finland, tell us about prevention? Faster emergency response times; use of medicines such as antiplatelet agents, angiotensinconverting enzyme inhibitors, beta blockers, and statins after heart attack or stroke; and medical advances such as angioplasty, defibrillation, and thrombolysis have improved the survival of people with a cardiovascular event (35) . However, the contribution of postevent treatment to lowering the burden of cardiovascular diseases is less than 40 to 50% (36, 37); rather, the mortality decline is largely a result of lower disease occurrence, itself due to actions related to prevention.
In parallel to these improvements, our knowledge about cardiovascular risk factors has also advanced in studies of individuals and populations (38) , providing the foundation for actions and interventions that can continue the past successes and replicate them in other populations. After clinical and early epidemiological research (39) , studies with detailed measurement of risk factors and long follow-up, like the Framingham Heart Study, established elevated blood pressure and cholesterol, smoking, and excess body weight as some of the most important risk factors for CVD (40) (41) (42) . These were followed by larger observational studies in Western and Asian populations that provided more details on the effects of these risk factors on CVDs (43-47); for blood pressure and cholesterol, there is also experimental evidence from randomized trials (48, 49) . These studies showed that the benefits of lowering blood pressure, cholesterol, and body weight continue to very low levels-as low as 110 mmHg for systolic blood pressure (SBP), 3.8 mmol/L for serum total cholesterol (TC), and 21 kg/m 2 for body mass index (BMI) (20, 48) . [For comparison, in 1950, systolic blood pressures as high as 175 mmHg were considered normal (50)]. Some researchers have even argued for abandoning the concept of hypertension and focusing on all feasible actions to lower blood pressure (51) .
Reducing these risk factors in whole populations has contributed to past successes in CVD reduction in a number of countries (37) . For example, high-quality surveillance data show that the impressive declines in Finland are due to reductions in blood pressure, cholesterol, and smoking, despite the rising BMI levels (52) . In 1980, Finnish adults had one of the highest blood pressure and cholesterol levels in the world: Mean SBP of adult Finnish men and women was 143 and 138 mmHg (53), respectively; their serum TC was above 6.1 mmol/L (54-56). Since then, SBP in Finland has declined by about 10 mmHg and TC by about 1 mmol/L (55, 56) .
Yet there is more to be gained by further reducing these risk factors at the population level, especially in low-and middle-income countries. Blood pressure has declined in high-income countries but has increased in some other regions over the past few decades. As a result, blood pressure levels are currently highest in countries in Central and Eastern Europe and in parts of subSaharan Africa (55) . Cholesterol is still highest in Western countries but has been increasing in East Asia (56) . High blood pressure and cholesterol are each responsible for an estimated one-half of the global IHD burden, high BMI for about 20%, and tobacco smoking for 13% (57)-noting that the combined effect of these risk factors is much smaller than the sum of their individual effects because many people are exposed to multiple risks and because some of the effects of BMI on cardiovascular diseases are mediated through blood pressure and cholesterol. Similarly, high blood pressure is responsible for nearly two-thirds of stroke burden worldwide, with the other three risk factors each individually responsible for 12 to 18%. When overlaps are taken into account, these four risks together account for 70 to 80% of the burden of IHD and stroke (57) . Importantly, the benefits of reducing these key CVD risks not only are very large but also can occur relatively fast and be fully realized within about 5 years, compared with about three decades for achieving the full benefits of smoking cessation on lung cancer and chronic obstructive pulmonary disease (58, 59) . This means that actions to reduce key CVD risks can have immediate benefits for disease prevention and also contribute to reduced demand and cost of specialist treatment.
Is It Feasible to Reduce Major Risk Factors and Prevent NCD?
Identifying risk factors is important but not sufficient for prevention. What is needed is evidence that risk factors can be reduced in whole populations and implementing policies and programs that can do so (60) . Examples of such populationbased reductions were provided above for some cancer risk factors.
The most basic evidence that it is feasible to prevent and reverse the rise of risk factors like blood pressure, cholesterol, and smoking comes from the differences in their levels and trends across populations, as stated earlier. More importantly, evidence has also accumulated that a few feasible actions can achieve risk-factor reduction. Tobacco control interventions and policies have helped bring smoking prevalence below 20% in countries such as Australia and Canada (2). The most effective actions for lowering blood pressure and cholesterol, with evidence from individual-and population-based studies (22, (61) (62) (63) , include lowering salt intake, replacing saturated fats with polyunsaturated fats, and clinical management of blood pressure and cholesterol with antihypertensives and statins through the primarycare system. Diets high in fruits and vegetables (64) and increased physical activity (65) also improve metabolic risk-factor profiles but need more systematic assessments of what combination of policies and actions can increase their uptake in the population, of the sort done in the Finnish cardiovascular risk-reduction experience (66) .
In contrast with smoking, blood pressure, and cholesterol, reducing or even curbing the rise in overweight and obesity has proven particularly difficult. BMI has on average risen by as much as 2 to 2.5 kg/m 2 per decade and is now 30 kg/m 2 or higher in the Pacific islands and in some countries in the Middle East (67) . Not only does high BMI increase the risk of cardiovascular diseases and some cancers, it is also the most important modifiable risk factor for glycemia and diabetes mellitus. Therefore, the worldwide rise in BMI has been accompanied by increasing diabetes mellitus in most countries (68) , with more than one in four or five adults in some countries in the Pacific and in the Middle East now having diabetes (68) . In tightly controlled studies of dietary change, moderate weight loss for up to 2 years has been observed, but evidence is lacking on the effectiveness of long-term and large-scale programs (69) . Weight loss also appears to be more difficult than avoiding weight gain, perhaps due to specific physiological responses (70) . A few controlled studies have successfully slowed down or even reversed a rise in blood glucose, and hence prevented diabetes, among people with impaired glucose tolerance that precedes diabetes, through improved diet and lifestyle and medicines (71, 72) . However, the evidence on large-scale prevention and management at the population level is very limited (73) . Put simply, we need to find ways that curb and then reverse the massive rise in weight gain if we are to prevent a pandemic of diabetes and to continue and replicate the CVD decline.
The Way Forward in NCD Prevention
The 2011 United Nations High-Level Meeting created a window of opportunity for NCDs to receive global policy attention. Yet public health and health care systems in countries at all stages of economic development face the need to prioritize among numerous policies and programs related to prevention and treatment, to find financial and human resources to implement them, and to demonstrate that they improve people's health. Strengthening and supporting NCD prewww.sciencemag.org SCIENCE VOL 337 21 SEPTEMBER 2012 Implement an equitable and high-quality primary-care system (94); ensure availability of essential, and typically low-cost, medicines for NCD prevention and early-stage treatment High-income countries with universal insurance; also implemented in lowand middle-income countries with focus on maternal and child health but has been extended to NCD management in a few countries (73) Screening, early detection, and treatment of multiple NCDs and their risk factors
Ensure that all prevention strategies are designed to reach disadvantaged and marginalized communities and social groups.
*Effects of specific cardiovascular diseases depend on the patterns of alcohol consumption (regular moderate versus irregular heavy drinking). †Vaccines are not currently available for HCV and H. pylori.
‡Influenza vaccination among people with coronary heart disease and heart failure is also a secondary prevention that reduces their risk of dying (95 vention requires a broader notion of preventability than detecting causes that increase disease risk in individuals-one that incorporates the potential for large change in whole populations. Our knowledge from studying NCDs in individuals and populations shows that there are ways to achieve the large-scale disease prevention potential, e.g., in whole countries and communities ( Table 1) . The policies and actions to change NCD risk factors of the kinds specified here need political support and policy and administrative institutions that can initiate, periodically evaluate, and as needed redirect them. However, once implemented, unlike treatment (which often deals with a single disease), most of these actions can prevent the occurrence of multiple NCDs and can therefore have very large benefits for the health of populations.
